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DYNAMIC RESPONSE OF LIFT FANS
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A
flue compariso ll is shown al blow oscillation frequencies uI 0.5 Acknowledgement
II, ansI 4 ii,. l’or both the ops’ll loop I fixed geometry fan) 1111(1

The work reported herein was performed tinder the
c losed loop modes of lati operation, T he comparison illustrates
exce llent correlation of the phase respotise durillg open loop 

sponsorslt ip of tile Surface Effect Ship Project Off lec (PMS-304i,
Their leadership and encouragemenl are gratef sIlly acknowledged.

operation, The slnlulatioti slighi hI% overpredicted t h e  peak
pressure at loss’ I’rs’s lsiencis’s; at hli gller h’requelleies , Ills’ corre lation

Referencesof amp litude is e\cs’ llent. WI TCh the fan was operated Ill the
c losed 1oop mods’ w itlu variable geometry, the sanie comments I, K’ap laui , P. and S. Davis , “.4 Sir np lifis-d Rs -p r csc ’uitati oii
apply 1,1 thus ’ comparisoil In these eases , t he simulatIon tns’luded of f/Is’ Vertical Plane Du-na ,nics ‘sf SES’ (‘raf t , ” A I A A  Paper
(Its’ additional state variables ul,’ceSsary to describe this’ Inutioll of 74-3 14 (Feb 1974 .
Ihe VG sls’eve devices ,

2, Durkin, J.M. and W E .  Langhi , “Ap i !nI ’esligation of (/it-

Conclusions Perfr rmans-e of a Centrifugal L i f t  Fan Operating ,lg ainst
Sip iusoidal lv Varu’ing Ra t-k Pressure , ” Eighth Canadian Svmposiutii

The conclusions drawn from the above are sum m arIzed as on A ir Cush ion Tecllt lo logy, Toronto (Sep 1974).
follows,

3, Ohashi, H., “Analy tical and Experimental St udy oil, Under slvnatnie air flow coluditions , t he lift fan response
8Q16P can be rs’presen ed by tIle transfer function of a first- Dy na mic characterist ics of Turbopunips , - ‘  NASA TN D~4298

order system with lag. At extremely low frequencies on the h Apr 1968).

Bode plot , the amplitude ratio is flat and h a s  a value eorreSpOhld- 4, Goldschmied. FR.  and D.N, Worm ley , ‘ ‘Fr eqlien~ l
ing to the negative inverse of the steady state fan slope dPfdQ. R esponse of Bloti ’s- r/ Duct/P len um Fluid Systems , ’ ’  A IAA Jourtial
The phase ang le in this case is ISO degrees , As the freihuency IS of Hydronautics , ~‘oI, II , No. I, pp 18 -27  h a n  19771,
increased, the amplitude ratio decreases and (he pIlase angle
approac hes 90 degrees, The corner frequeuiey estimated from
the lest data was somewhat lower at the Iligher fan speed of the
test data,

2. The dominant dynamic property responsible for the
observed befuavior of the fan is the fluid inertia , or inertanes’, of
the air within the fan, ,A precise evaluatio n of the inertance of
a fan from purely geometric considerations is difh’icul( and
analysis of ts’sl data is required for an accurate determination of
the inertance properties. For most d~ narnic stu dies , however,
siufficiently accurate analyses can be computed from fan
geometry , The compliant properties , or capac itance , of the air

w ithin the test fan were found to he of hleghigible significance
wit h regard to the observed behavior of the fan under dynamic
flow conditions. This is also believed to be true for other lift
fans , In general , these effects are of sufficient magnitude that
they should be considere d in air cushion lift system dynamic
analyses,

3. A digltal computer program has been developed to
predict the performance of lift fans operating in an unsteady
flow environment , Computer predictions of the fan flow rate
have been correlat ed with measured test data for the SES-I00
scale cushion fan and a 1/4-scale model of a 2KSES lif t fan,

Excellen t agreement between the predicted and meassured data
is evident in the range of frequencies investigated,
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